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MULTIPLE OraCAL CHANNELS 

Field of the Invention 

The present invention genecaUy i^es to an autranatic survey instrument compris- 
5 ing a source of structured light for transmitting abeam of said light towards said 
obj ect. a receiver adapted to receive said reflected structured lig^it beam when re- 
flected from said object, said received light bemg co-axial wiA the tnmsmitted Ught, 
an objective lens and a reticle with optical means positioned there-between, said 
objective lens and said reticle defining an optical axis. The invention more specifi- 
10 cally relates to the arrangement far redirecting the reflected light in the receiver. 

Background Art 

Automatic survey instruments of Ae present type conqnise a telescope system 
where received ligfat can be divide into separate channels for range-finding, tracking 
15 and viewmg or manual ahnii^. The transmitter beam for the range-finder and for 

the tracker function are preferably coaxial to the receiver cp&cs. 

The light reflected from the target object, and received at the instrument is divided, 
. depending upon the purpose, in light conq;)onents of difiterCTt wavelengflis such as 
20 the Ught for trackuig, range finding and visible light for viewing. By using the 
ixackmg and range findmg tight Urns divided, range finding and automatic 
tracking may be performed. 

Such mstruments, using more than aas ohaunel, accordmg to the prior art, uses dif- 
25 ferent types of prisms in flie receiver wife or wifeont dichroic coatings for split- 
ting/separating Hie beams into fee different channels. 



The word dichroic in this context refers to dichroic mirrors/prisms or coatings, 
which exhibit selective reflection and transinission of light as a function of wave- 
30 lengfe regardless of its plane of vibration. A dichroic minor feus selectively reflects 
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li^t acc<wdiiig to its wave-length and transmits light having other wavelengths. The 
use of prisms, i.e. cubic prisms primarily requires long building lengths, problems in 
providing needed filters wifliin the prisms and inheicntly high costs, in that the costs 
for producing file prison are high* 

5 

Belonging to the related art are e.g. EP-1 081 459 and EP-0 987 517. In these dis- 
cussions of problems related to the use of prisms can be found. In EP-0 987 517 e.g. 
the arrangement inchides several prisms in which two beams having different 
wavelengths are separated using two dichroic prisms. In EP-1 081 459 prisms are 
10 disclosed, but also one dichroic plate is used for separating beams with different 
wavelengths; however, that plate is arranged perpendicular to fee optical axis of the 
instrument, thus r^ecting the light m the coaxial direction, while allowmg other 
vravelengths to pass through tiie plate. 

15 The use ofprisnw, however, introduces certain problenra. Drawbacks are the feet tiie 
glass extends the optical patii so the building length increases, the size of tiie prisms 
become large and the prisms are heavy. The requirements on paralleUty between 
{Hisms surfaces are very high and makmg a dichroic filter wifliin the glass is harder 
than on a surface between air and glass. All this means that the prisms become large 

20 and expensive and tiie tel^ct^e becomes larger and heavier. More advanced prism 
constructions can reduce building lengtii but flie costs furtiier increases for provid- 
ing HxB prisms and flie complicated structure resulting tiierefiom. Aditiomally, tiie 
(Hisms make the af^aratus larger and heavier causing GQaet problems as increased 
power consumption, as when automatically tracking an.olgect 

25 

Exanq)les of wavelengths used for visible light are in the range of 400 nm to 
650 nm for collimating purposes. For range-finding visible light at 660nm or IR 
light at 850 nm can be used and for tracking IR light at 785 nm. These wavelengfli 
ranges are generally t»med charmels of a particular type such as visual channel, 
30 tracking chaimel etc. 
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I>KCLOSURB OF THE iNVramON 

The present invention intends to overcome the above mentioned problem by a soht- 
tion which is both shnple and inexpensive. 

5 

This object has been achieved by a automatic smvey instnmient of flie initially d&. 
fined kmd, wherein tated dichroic plates arranged primarily on the optical axis de- 
fined by the objective lens and the reticle of the instiiraient, which according to (his 
invention preferably also coincides with tiie visual chamiel, i.e. the optical patii for 
10 the visible light used when viewing the target tiirough the apparatus. Secondary mir- 
rots maybe used to fold tiie optical palhs wiflun flie i^iparatus. These secondary 
mirrcHS maybe of tiie dichroic ^e. 

Substituting prisms for separating ti» different channels witii plates results m sim- 
1 5 pier components, shnpler coatings and generally shorter telescope length. As re- 
ferred to above with tiie use of prisms, the channels are separated and/or reflected by 
passage through tiie prism, entering the prism fi-om air through a first surface and 
exciting flie prism to air. During fliat process tiie light (JR or visual) is either re- 
flected a^unst second prism surface and tiiereafter exists the prism through a third 
20 sur&ce of tiie prism or it is allowed to {MSS fluough the second surface. The result- 
ing optical path witiiin tiie prism may eitiirar be depending on tiie type of prism mate- 
rial used or in tiiis case the second prism surfiice may have a dichrdic coating. De- 
pending on (he desirability of short telescope lengtiis fliis win mcrease tiie complex- 
ity of the prisnus. 

25 

According to tiie invention tiie prisms have been replaced by tilted dichroic plates 
and/or mirrors; however, one prism may be used in one of (he optical patiis. This re- 
sults in shnpler components, simpler coatings, lower costs, and shorter tel^ope 
lengtiis, as will be shown. 



67182-2002-06-13 4 

By using the tilted dicluoic plates it is possible to reflect the different channels in a 
direction whrae the reflected beam is non-coaxial wtfh the main optical axis of the 
apparatos and thus arrange for receive or sensors placed adjacent to a volume as 
defined by the aperture and the focusing l^s. The platra will, however, introduce 
S optical aberrations in the beam passing through flie plate, e. g. coma and astigma- 
tism, as the plates by nec«sity have to have a certam thickness in order to be stable. 

These effects may be compensated for in a number of ways, which will be shown in 
the different embodiments below. 
10 - Making the plates slightly wedge-shaped will compensate the aberrations fix>m the 
tilted plate. The wedge angle has to be chosen in relation to the tilt angle and the 
thickness of the plate. A person skilled in the art may, using an optical design pro- 
gram, optimize die wedge angle. 

- A second mediod is to add a tiiixd plane-parallel compensating plate tilted around 
IS an axis perpendicular to the tilt axes of the first plates. 

- Tilting two plane parallel plates around axes that are perpendicular to each other is 
a third manner in which to reduce the aberrations introduced by the tilt 

Brief DEScRipnoN of the Drawings 
20 Fig. la shows schematically a side view of a first embodiment according to the in- 
vention. 
Fig. lb shows a detail of Fig« la 

Fig. 2a shows schematically a side view of a second embodiment according to the 
inventicm. 

25 Fig. 2b shows schematically a detail of Fig. 2a of the definition of the wedge angle. 
Fig. 3 shows schematically a side view of a third embodiment according to die in- 
vention. 

Fig. 4a shows schematically a side view of a fourth embodimmt according to the 
invration. 

30 Fig. 4b shows schematically a detail of Fig. 4a in a top view. 
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Fig, 5 shows schematically a side view of a fiffli embodiment according to flie in- 
vention. 

hi &e dmwings like details are shown using corresponding reference numbers. 

5 Detailed IJescription of the Exemplary Preferred embodiments 

In Fig 1 is shown a first preferred embodiment of an apparatus according to tiie in- 
vention in which an objective lens, 101a and 101b, defines an optical axis OA. On 
this axis is seen a focusing lens 104 and a reticle 105. The focusing lens 104 is mov- 
able as is known to tiie man skilled in the art for focusing of the incoming light on 

10 tiie reticle. The image may be viewed through an eyepiece 106. Adjacent to tiie ob- 
jective and preferably attached to the inside of the lens 1 01b, a prism 102 witii a re- 
flective surfoce 103 is arranged on the optical axis OA. The surface 103 of the prism 
102 may have a dichroic coating 103. The purpose of this prism is to reflect tiie 
beams and ^2 of stmcturedligihtfix>m two transmitters 111 and 112 in the form of 

15 sources of stractured light, such as a laser or a Light Emittfaig Diode (LED), forming 
a transmitted light path through the prism 102, where the light is reflected out 
through tiie objective lens 101 towards a target. The prism shown is in tiie form of a 
45^-90^-45^ prism used as a **right-angle prism", i.e. tiie prism will tum the beam 
Ihrouglh a 90^-bend. This requues that tiie beams X| and arrive at the optical axis 

20 perpendicular to said axis. This set-up sunplifies tiie geometry. However this per- 
pendicularity is not necessarily an essential element of the invention. 

Both beams Xi and X2 exit the objective lens 101 coaxially as shown m the figure. In 
order to accomplish this, the transmitters have been arranged such that the beams %i 

25 and X2 each are reflected in a respective dichroic mirror 113 and 114, dhectiy or via 
a lis^ guide, such that the thus reflected beam incident on tiie mirrors 1 13 and 114 
form a coaxial beam hitting tiie prism 102, i. e. the beam Xi transmitted from the 
transmitter 1 1 1 is reflected in the muror 113 and is transmitted tinough the mhrror 
114, while tiie beam X2 transmitted from tiie transmitter 1 1 2 is reflected in the mir- 

30 ror 1 14 thus fmming a common optical pafli. 
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The light reflected ftom the target reaches the objective lens m the fonn of abeam 
conQ)osed of the transmitted wavelengttis and normally broadened as to cover the 
total aiea of fhe objective lens . It will be understood that the prism 1 02 is small in 
S relation to tiie area of the objective lens and ftus will obstract a relatively small part 
of tiiie conqiosed beam Xu ^ reflected by the target 



Two dichroic plates 121, 122 are arranged in a tilted manner in the reflected beam 
on Ibe optical axis OA, between the prism 102 and the reticle 105. 'Tilted" in this 

10 context should be taken to mean that the plates are arrwged such as to not be per- 
pendicular to the optical axis OA. Part of the beam having the wavelengtih A.i is re- 
flected m &e first tilted plate 121 towards a nmror 131, which reflects the beam to- 
wards a detector 141 . Likewise the part of the beam, having the wavelength X2 is 
allowed to pass through flie first plate 121 on to tilted plate 122 where it is reflected 

IS towards a second mirror 132 which reflects the beam towards a detector 142. The 
plates being tilted and not perpendicular to the beam. Also it is not required that the 
mirrors be p^endicular to the beam as is shown in the figure. The mirrors must of 
course be placed such as to deflect the beam in ttie direction of the receiver. 

20 The two receivers (141 ,142) are arranged outside a beam path (109) as defined by 
tfie objective lens (101). 



In this embodiment a fiirdier emitter 115 is indicated arranged peipendicular to the 
optical axis, which may emit light of a wavelength X^. lliis may be used for some 
25 third reason e.g. as a visible beam to aid pointing to a target 

The tilt angle a is shown in Fig. lb, which shows a detail of Fig, la. The tilt angle is 
defined as the angle between the normal Ni, N2 to the plate and the optical axis OA. 
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The axis around which the plate is tflted e.g. the axis mdicated as 1 50, defines a tflt 
diiection will be shown below to be of interest 

In Fig. 2a a second embodiment according to the invention is shown in which like 
5 numbers are used to indicate corresponding details. The lens system 20 1 , the prism 
202, the focusing lens 204, the reticle 205, the eyepiece 206 and the optical axis AO 
are similar to each other and serve essmtialiy the same purposes. 

In this second embodiment transmitter 211, transmitting light of the wavelength \u 
10 is arranged as in the first embodiment The second transmitter 212 transmitting \i0it 
of die wavelengdi ^2, is arranged in the same manner as transmitter 11 5 in the first 
embodiment, making one dicliroic mirror superfluous. 

The optical path for Xx for the light reflected from die target will essentially be the 
same as in die first embodiment via the dichroic mirror 221 and mirror 231 towards 
die receiver 241. Further the tilt angle of the dichroic plates 221 and 222 have been 
changed such that the once reflected light of the wavelength X2 is directed towards 
die receiver 242. This has been accomplished by resi2dng the distance between the 
plate 221 and/or by changing die tilt angles of the plates to allow the beam ^ re- 
flected in plate 222 to reach the receiver passing essentially adjacent to plate 221 , 
i.e. plate 22 1 will not reach in to the reflected beam fiom plate 222. This figure also 
illustrates the capability to direct die beam to the detector without a second reflect- 
ing ntmror. 

The dichroic plates may exhibit a wedge form in order to compensate for optical ab- 
errations in the visual channel. This is illustrated in Fig 2 b in which die two plates 
221 and 222 are shown, and the optical axis OA is indicated. The wedge form of die 
plates defines an angle of 0 - 30 arc seccmds and will comp^isate for optical aber- 
rations. It should be understood diat dus type of conq)ensation may be used in die 
embodiment described in Fig. 1 also. The wedge form could fiirfher be used in odier 




15 



20 
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30 
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embodiments alone or in combination with some other conq)ensation for die optical 
aberrations caused by the plates. 

In Fig. 3 a fluid CTbodiment according to the invention is shown in whidi like 
5 mmibeOT are used to indicate conjesponding details. In this cmbodim^ 

tion compensation is accomplished by the conq)ensating plate 307. The lens system 
301, tiie prism 302, the focusing lens.304, the reticle 305, Ae eyepiece 306 and Ae 
optical axis AO are similar to each oth^ and serve the same purposes. 

10 In this tiiiid embodiment transmit 311, ^smitting light of the wavelength Xiand 
the second transmitter 312 transmitting li^t of the wavelosgfli X2. are arranged in 
the same manner as in embodiment 1 using dichroic miinns 313, 314 to boid the 
li^it towards the prism 302. 

1 5 The optical patii for X] for the light rdQected fimn the target will essentially be flie 
same as in the first embodiment via die dichroic mirror 321 and 33 1 towards the re- 
ceiver 341 . The beam X2 has a beam path essentially as in Fig. 1 reflected in miirois 
322 and 332 to the receiver 342. 

20 In Has embodiment a compensating plate 307 with a tilt axis oriented 90° with re- 
spect to flie tilt axis of the other plates is inserted to compensate for optical aberra- 
tions caused in the visible channel by the visible lig^t having to transverse flie plates 
321 and 322. 

25 In Fig. 4a a fourtti embodiment according to tiie invention is shown in which like 
numbers are used to indicate corresponding details. The lens s>^tem 401, flie prism 
402, &e focusing lois 404, ifae reticle 405, the eyepiece 406 and the optical axis AO 
are similar to each otba and serve flie same purposes. 
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In this forth embodfanent a first transmitter 411, transmitting light of the wavelength 
X.1 arranged perpendicular to the optical axis OA and the second transmitter 412 
transmitting of the wavelengOi X2 arranged coaxial to the optical axis OA. us- 
ing dichroic rxumx 414 to bend the li^t towards the prism 402. 

5 

The optical path for beam is reflected by the dichroic nriiror 422 in the dhection 
of a detector 442, the tilt axis of plate 422 in this case being oriented perpendicular 
to tiie tilt axis of plate 421. This rq>resOTt8 the third method of conqpensatmg for 
optical aberrations. 

10 

The optical path for Xi for flie ligjit reflected ftom the taiget will essentially be the 
same asm the first embodimoit via the dichroic mirror 421 and 431 to^i^nds the le- 
cdver 441 . Part of the beam, light having flie wavelength Xi is reflected in flie first 
tilted plate 421 towards a further dichroic plate 431 which reflects the bram towards 
15 a detector 441 . In Ais embodiment the tilt axis of the second plate 422 is essentiaUy 
arranged perpendicular to the tilt axis of die first plate 421, thus serving to compen- 
sate for optical aborations in the visible channel fiom the first plate 

A top view (detail of Fig 4a) is shown in Fig. 4b. The axis 4S1 and 450 around 
20 which tiie plates are tilted are shown. 

In Fig. 5 is shown a fiftti embodiment according to flie invention, in vrtach Vkc 
numbers are used to mdicate corresponding details. The lens system 501, the prism 
502, the focusing lens 504, flie reticle 505, flie eyepiece 506 and the optical axis AO 
25 are similar to each other and serve the same purposes. 

Furthtt in Fig 5 is ^own a combination of a dichroic plate 521 and a dichroic pristn 
522. Beams having wavelengths ^1 and X2, respectively, are trananitted fimn send- 
ers 51 1 and 512. The optical patii for Xi for tiie light reflected fixmi flie taiget will 
30 essentially be the same as in the first embodiment via the dichroic mirror 521and 
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531 towaids the receiver 541. In this case the optical aberratioiis can be compen- 
. sated by maJdng the plate slightly wedge-shaped, if necessary. 

The embodiments described are to be understood as mere examples of embodhnents 
5 according to Ae invention. Because the dichroic plates are relatively inexpensive as 
compared wifli complicated prism systems and also because the rdative compact- 
ness that can be accomplished according to the invention this contributes to an over- 
all compact and lightweight design of apparatuses for tracking and nmge-finding 
apparatuses. 
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CHaims 

1 . Electronic distance measuring ^jparatus for surveying, e.g. for measuring Has 
distance fixjm the apparatus to an object cornprising: 
5 a) an otrjective lens (101), defining an optical axis (OA), 

b) at least two sources (111,1 12) of structured light for transmitting beams (Xi^ of 
separate wavelengths towards said olrject, said beams on reflection from said object 
recdved by the objective lens (101), 

(c) at least two receivers (141,142) arranged outside abeam path (109) as defined by 
10 the objective liens (101). and adi^ted to receive said recdved beans (Xi^ of 
structured light, whereat optical means conqprising at least two dichroio surfeces 
(121a, 122a) are each arranged at a tUt angle (ai, aa) widi respect to said axis (OA), 
said op&cal axis (OA) passing thrtiugh said surfaces, at least one of said dichroic 
sur&ces arranged on a plate (121, 122), said at least two dichroic surfeces (121a, 
1 S 122a) ad^rted to reflect at least one of said received stnictuxed light beams(X.i 
re^ectively, towards said recdvers (141, 142). 

2. Electrcmic distance measuring apparatus according to claim 1 such tibat said 
dichroic surfaces (121a, 122a), each are arranged on separate plates (121, 122). 

3. Electronic distance measuring apparatus according to claim 1 wherein one of 
20 said dichroic surfaces is arranged on a plate (621) and the oflier of said didooic sur- 
face (622) is arranged in a prism (625). 

4. Electronic distance measuring apparatus according to claun 1 wherein said at 
leasttwosources (111,112) of structuredlightfortransmittingsaidbeams (A.i,X2) 

' V are adapted to traxisinit said light towards a light redirect member (102) arranged 

y. t 25 adjacent to flie objective lens (101), 

5. Electronic distance measuring apfmndus according to claim 4 wherein 

O r ligfbt redirect member is a redirecting prism (102). 

• .6. Electronic distance measuring apparatus according to claim 5 wherein said re- 

directing prism (102) is attached to flie objective lens (101b). 
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7. Electronic distance measuring apparatus according to clanns 2 or 3 wherein at 
least one mirror (131, 132) is arranged adjacent to said optical axis (AO) for redi- 
recting at least one of the received structured light beams Q^^i^^ reflected in said 
dichroic sur&ces (121a, 122a) towards saidreceivers (141,142). 
S 8. Electronic distance measuring aiq;>aiatus according to claim 2 wherein 

chroic plates (221,222) are wedge-formed, to provide correction for aberration er- 
rors. 

9. Electronic distance measuring apparatus according to claim 2 wherein a com- 
pensating plate (307) is inserted between tiie focussing lens (304) and adjacent di- 

10 chroic plate (322), whereat the tilt direction of said compensating plate (307) and 
said dichroic plate (322), said tilt direction defined by an axis in the plane of the 
plate around which the plate is rotated witii respect to said optical axis, are chosen 
such that the tilt directions of the two plates are arranged such as to be at an angle of 
approximately 90^with respect to each other. 

IS 10. Electronic distance measuring apparatus according to claim 2 wherein two di- 
chroic plates (521 , 522) are arranged such that the tilt direction of said dichroic 
plates, said tilt direction defined by an axis in the plane of the plate around which 
tiie respective plate is rotated with respect to said optical axis, are chosen such Oat 
the tilt directions of the two plates are arranged to be at an angle of approximately 

20 PO'Nvitii respect to each othCT. 



67182-2002-06-13 

Abstract 

The invention relates to an electronic distance measuring apparatus for surveying, 
e.g. for measuring flie distance ficom the qipaiatus to an object The apparatus con»- 

5 prises: a) an objective lens (101), definmg an optical axis (OA), b) at least two 
souices (1 1 1,1 12) of stnictuied lie^ for transmitting beams Q^i^ of separate 
wavelengths towaids said object, said beams on reflection ficom said object received 
by the objective lens (101), (c) at least two receivers (141,142) arranged outside a 
beam path (109) as defined by the obiective lens (101), and adapted to receive said 

10 received beams (X^^^ of structured light Optical means conqwising at least two 
dichroic surfaces (121a, 122a) are each arranged at a tilt angle (ai, a^) with respect 
to said axis (OA), said optical axis (OA) passmg tfaroi^ said surfaces, at least one 
of said dichroic surfaces arranged on aplate (121, 122), said at le^ two dichroic 
surfeces (121a, 122a) adapted to reflect at least one of said received structured li^t 

1 5 beams(Xi,X.2), respectively, towards said receivers (141 , 142). 

Fig. la 
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